Data on the seasonal patterns of fruit growth and dark respiration of two peach (Prunus persica (L.) Batsch) cultivars were combined with temperature data to calculate the carbohydrate requirements of an "average" peach fruit from bloom to harvest. The two peach cultivars used were June Lady (an early maturing (mid-June) cultivar) and O'Henry (a late maturing (early-August) cultivar). At harvest, the mean dry weight of the June Lady fruit was 17.8 g (139.7 g fresh weight) and of O'Henry fruits was 30.9 g (213.9 g fresh weight), and the times from full bloom to harvest were 107 and 154 days, respectively. The total calculated fruit respiration requirements were 132 and 300 mmol CO?; fruit-' season-' for June Lady and O'Henry fruits, respectively. Total calculated carbohydrate requirements for fruit growth and respiration are 23.9 and 43.8 g CH20 fruit-' season-' for June Lady and O'Henry fruits, respectively. Fruit respiration accounted for 16.3% of the total carbohydrate requirements of June Lady fruits and 20.5% of the total carbohydrate requirements of O'Henry fruits.
Introduction
Crop yield in tree fruit crops depends on fruit set and the ability of the tree to supply photosynthates to sustain the growth and respiration requirements of the fruit. Because of this relationship to crop yield, there has been much research regarding the physiology of fruit set and photosynthesis in fruit trees. But, even though fruits are widely recognized as major "sinks" for carbohydrates, there have been few attempts to quantify the actual carbohydrate requirements for growth and respiration of tree fruits in the field. Bazzaz et al. (1979) attempted to estimate the reproductive carbohydrate requirements of 15 temperate deciduous tree species. Their estimates indicate that respiration accounts for ll-38% of the total carbohydrate costs of producing a fruit in these species. Loescher et al. (1986) estimated that 16-23% of the total carbohydrate requirement of a developing sweet cherry fruit is utilized in respiration. Neither of these studies was based on detailed field measurement of fruit respiration and canopy microclimate data.
In a previous paper DeJong et al. (1987) presented data on the seasonal patterns of fruit growth and respiration in early and late maturing peach cultivars. In the present work we use some of those data to estimate the actual daily and seasonal carbohydrate requirements for respiration and dry weight accumulation of peach fruits from full bloom to harvest.
Materials and methods
Seasonal patterns of fruit dark respiration measured at 20 "C and the mean seasonal Qlo for peach fruit respiration (DeJong et al. 1987) were used to develop seasonal response surfaces for fruit respiration per unit dry weight against temperature and Julian Day (see Figures 1 and 2 ) for two peach cultivars using linear regression on log transformed data. Respiration response surfaces were developed for early (June Lady) and late (O'Henry) peach (Prunus persica (L.) Batsch) fruits growing on trees at the Kearney Agricultural Center near Fresno, CA.
Seasonal mean hourly air temperature data, at heights of 1 and 2 m measured with Campbell Scientific (Logan, UT) Model CR21 data loggers in the peach tree canopies, were used with the respiration response surfaces to calculate specific daily field respiration rates (see Figure 3) .
Weekly data on fruit dry weight for the two cultivars (June Lady and O'Hemy) (DeJong et al. 1987) were splined against Julian Day, using cubic spline techniques (subroutines ICSSCU and IGSEVU, IMSL Corporation, Houston, TX) (see Figure  4 ) to estimate daily fruit dry weights. The data generated from the spline were multiplied by the specific respiration rates (see Figure 3 ) to calculate mean daily respiration rates per fruit (see Figure 5 ). Fruit dry weight at harvest was converted to carbohydrate equivalents by multiplying by 1.19 (based on an average final fruit C content per unit dry weight of 47.5%, determined by pyrolysis at the Microanalytical Laboratory, Department of Chemistry, University of California, Berkeley, CA). Respiratory losses quantified as CO2, were converted to carbohydrate equivalents by multiplying by 0.68. Total seasonal carbohydrate requirements for fruit growth and respiration were calculated for fruit from both cultivars by summing the daily fruit respiration rates over the entire season and fruit dry matter carbohydrate equivalents at the end of the season (see Table 1 ).
Results and discussion
The three-dimensional fruit respiration response surfaces were quite similar for both cultivars (Figures 1 and 2 ) except for the lengthpf the season and differences around the period of peak specific respiration rates. When the seasonal patterns of fruit respiration were combined with real-time temperature data to estimate actual daily respiration rates per unit dry weight in the field ( Figure 3 ) the strong influence of temperature on respiration became apparent. Figure 3 indicates that, even though the two cultivars had comparable maximum rates of respiration at 20 "C, the June Lady cultivar reached that maximum a week earlier than 0' Henry during a period of warm temperatures. This caused the calculated maximum rates of fruit respiration that occurred in the field to be higher for June Lady than for O'Henry. Later in the season, periods of warmer and cooler weather are also readily apparent in Figure 3 .
Even though fruit respiration rates per unit dry weight decreased as the season progressed, the rate of increase in fruit dry weight greatly exceeded the rate of decline in the specific respiration rate (Figure 4) ments for respiration increased ( Figure 5 ). The carbohydrate requirement for respiration of an individual fruit of either cultivar at any given time is a function of basal metabolic rate, response of respiration to temperature @IO), ambient temperature and fruit mass. Thus, during their respective last weeks of fruit growth, June Lady had higher respiration rates per unit dry weight at 20 "C than O'Henry (DeJong et al. 1987) ; but O'Henry fruits had greater mass (Figure 4 ) and ambient temperatures were higher, so carbohydrate requirements per fruit for respiration were greater in O'Henry than in June Lady.
Such interactions between specific respiration rates, fruit mass and temperature patterns were apparently responsible for some of the differences in estimated respira- tion costs between the two cultivars ( Table 1 ). The relative costs for respiration and dry matter can be used as estimates of fruit carbon utilization efficiency in these cultivars. Thus, an estimated 84.4 and 80.3% of the carbon required for fruit growth in June Lady and O'Hemy fruits, respectively, could be accounted for in the dry matter of the fruit itself. These values are very close to the mean value of 80% that Penning de Vries et al. (1983) estimated by other means for the growth of a number of seeds, fruits and storage organs. Conversely, 16-20% of the seasonal carbohydrate requirements of the fruit were used in respiration.
In this study we attempted to estimate the carbohydrate requirements for growth and respiration of individual peach fruits. We did not attempt to account for fruit photosynthesis in decreasing the net carbohydrate requirements of the fruit for the tree. Although peach fruits like other fruits are capable of photosynthesis (DeJong unpublished data) it is unlikely that a large proportion of the total fruit carbohydrate costs are supplied by fruit photosynthesis. Fruit photosynthesis rates are usually less than fruit dark respiration (Kappes 1986) and because most peach tree canopies are very dense, most fruits are exposed only to low photon flux densities for much of the time. This is not to say that fruit photosynthesis is always unimportant. It may be that photosynthesis occurring in more exposed fruit plays a significant role in the carbon budget of those particular fruit.
This study was not specifically designed to separate growth and maintenance respiration requirements. However, if we use the mean carbon content value of 47.5% and mean ash content of 5.3%, growth respiration requirements can be estimated by the regression method of Vertregt and Penning de Vries (1987) . Using this method we estimate that the mean growth respiration requirements for June Lady and O'Henry fruits are 3.87 and 6.73 g CHZO fruit-', respectively. It is clear that, if the actual growth respiration requirement for June Lady fruits is 3.87 g CH20 fruit-' and the total respiration cost calculated from the CO2 exchange measurements is 3.9 g CH;?O fruit-', there is not enough difference between these two values to account for maintenance respiration. However, with the O'Henry calculations the difference between the total calculated seasonal respiration (9.0 g CH20 fruit-') and the estimated growth respiration requirement (6.73 g CH20 fruit-') allows for a maintenance requirement of 2.27 g CH20 fruit-'. This value is fairly realistic for a fruit (Penning de Vries et al. 1983) .
The difference in these estimates of the maintenance respiration requirements between the two fruits is difficult to explain. It is possible that the calculated respiration requirements based on CO2 exchange measurements made in this paper underestimated the total respiration requirements of the fruits because of refixation of CO2 within the fruits (Blanke et al. 1987 ), but it is unlikely that this is a mechanism that would account for the difference in estimated fruit maintenance respiration requirements between two cultivars. High temperatures can also increase the maintenance respiration requirement (Penning de Vries et al. 1983 ) and ambient temperatures were highest during the later stages of O'Henry fruit growth but this does not explain the unacceptably low estimate of maintenance respiration for the June Lady fruits. Regardless of the problems in reconciling the differences in respiration requirements of the June Lady fruit, the agreement between the two estimates for O'Henry fruit are encouraging and substantiate the fruit carbon utilization efficiency estimate of 80-84%.
It is evident from Figure 3 that the specific respiration requirement was greatest during the early period of fruit growth. It may be important to account for these high respiration requirements during the initial phases of fruit growth when one considers the practical problems of fruit set and early fruit abortion. Further work is needed to estimate the carbohydrate requirements of the entire fruit crop and the ability of the tree to meet those requirements during various periods of the growing season. 
